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Human norovirus is the most common causative agent of acute nonbacterial 
gastroenteritis in the United States. Norovirus infection can be caused by 
consumption of contaminated food, such as raw fruits and vegetables or 
uncooked shellfish; drinking contaminated water; or by direct contact with 
infected individuals. Traditional virus detection in implicated food is 
complicated by the complexity of the food matrix, low contamination level, 
and sequence heterogeneity among virus genomes. Here, we report using a 
universal primer-independent next-generation sequencing (NGS) technique to 
retrospectively analyze food produce associated with an acute gastroenteritis 
outbreak that occurred in Vermont, USA. RNA was extracted from nine 
vegetable and fruit samples which were collected during the outbreak. The 
resulting RNA was subjected to DNA depletion prior to conversion into cDNA 
using universal primers and sequence-independent amplification. A paired-
end sequencing library was constructed using an Illumina NexteraXT DNA 
library preparation kit and sequenced on a MiSeqdevice. The reads were 
trimmed, aligned, and mapped to norovirus reference genomes using the CLC 
Genomics Workbench. The sequenced samples generated between 672,258 
to 5,475,742 paired-end reads per sample. Bioinformatic analysis of the 
sequence data led to detection of a 3885-bp long norovirus genomic 
sequence from a grape sample, with a mean depth of coverage of 15.20. 
Phylogenetic analysis revealed that the virus was classified as GII.4[P4]. This 
study demonstrated the application of a universal primer-independent NGS 
technique for detection and molecular characterization of norovirus from 
naturally contaminated food produce is possible. This approach could also be 
applied to other important enteric foodborne viruses such as hepatitis A 
virus.

Preparation of RNA from food produce 

Total RNA from 9 food produce samples were prepared as follows. 

1. Shake 50 g of produce sample in  50mL of 0.75 M Glycine, 0.15 M NaCl 

Buffer (pH 7.6) at 200 rpm for 15 min at room temperature.   

2. Spin the sample at 9,000 x g for 30 min at 4 ºC and decant supernatant 

into a 50 mL ultra-centrifuge tube. 

3. Spin the samples at 37,000 rpm for 60 min at 4°C and resuspend the 

sample pellet by adding 280 µl of glycine buffer and 560 µl AVL buffer 

(Qiagen). 

4. Incubate samples at room temperature for 10 min and transfer all liquid 

to a QIAshredderand centrifuge for 2 min at maximum speed. 

5. Extract the RNA using QIAampViral RNA kit (Qiagen).

Figure 1. Workflow of Illumina sequencingfor identification of norovirus 
from food produce 

Table 1: Improvement of the method for NoVdetection from a grape 
sample using DNAsetreatment.  

Figure 2. Assembly diagrams are shown before and after DNAse
treatment. The maximum coverage is given to the left of diagram and 
the position on the used reference genome is shown on the top.
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Figure 3. Phylogenetic analysis of A. partial major capsid protein VP1 (1487 
nt) and B. RdRp(285 nt)  sequences identified the virus from a grape 
sample Vermont13FD-00088  as GII.P4_GII.4. The phylogenetic trees were 
constructed using Kimura-2 parameter model with 1,000 bootstrap 
replicates in MEGA 7 program. 

Figure 4. Taxonomicdistribution of sequencing reads from a grape 
sample. 

Table 2. The five most abundant species per superkingdomdetected by 
NGS from a grape sample. 

This study demonstrated that the application of a universal primer-independent 
NGS technique for identification of norovirus from naturally contaminated food 
produce is possible. Using a DNAsetreatment of the RNA samples improved the 
method for viral detection. As this method represents a non-target approach,  it 
will help to simultaneously identify a broad range of possible pathogens in a food 
sample through taxonomy analysis.  

Norovirus is one of the most common causes of foodborne viral gastroenteritis 
worldwide, causing more than 120 million infection cases every year. Norovirus, 
part of the family of Caliciviridae, contains a 7.5-kb positive single-stranded RNA 
genome. Norovirus genome consists of three open reading frames (ORF1-3), of 
which ORF1 RNA-dependent RNA polymerase and ORF2 VP-1 capsid protein are 
standardly used for virus genotype classification. The virus displays high genetic 
diversity and has evolved into 10 different genogroups (GI-GX), of which three 
(GI, GII, and GIV) are known to cause disease in human, and 48 genotypes. 
Human norovirus and hepatitis A virus in plant-derived food such as berries and 
lettuce have been often linked to disease outbreaks in the last decade. Detection 
of viruses in food can be challenging due to low copy numbers on food, high 
genetic diversity of these viruses and complexity of food matrices that contain 
various PCR enzyme inhibitors. Conventional norovirus detection and genotyping 
have involved RT-PCR amplification and Sanger sequencing of partial regions of 
polymerase and capsid sequences using genogroup- or genotype-specific 
primers. Owning to the high genetic diversity of norovirus genus, it is difficult to 
design robust primers that are both sensitive and work for a broad range of virus 
strains. 
Next-generation sequencing (NGS) is a promising technology for detection and 
characterization of viruses in food. In this study, we applied a universal primer-
independent NGS approach, which circumvents the problem of PCR primer 
design, to analyze food samples associated with an acute gastroenteritis 
outbreak. 


